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Introduction
Modern society consumes huge amounts of energy, which entails unprecedented scientic attention towards the development of efficient methods of energy harvesting, storage and delivery. The boundaries of energy storage have been tremendously expanded in order to satisfy various evolving applications. As a result, supercapacitors occupied their niche as high-power energy storage devices with long cycle life, low maintenance cost, safe and pollution-free operation and the capability to function at high temperatures.
1-3 Distinctive advantages promote an extensive use of supercapacitors in wearable electronics, 4, 5 uninterruptible power supplies, 6 wireless sensors, 7 electric hybrid vehicles, 8,9 and energy harvesters, for instance, wind turbines, 10 solar cells or piezoelectric systems. 11 Most of these applications place harsh limitations on available space for energy storage devices, which brought up the need of compact supercapacitors with high volumetric capacitance.
12
Supercapacitors are mostly based on carbon materials as electrodes, 13, 14 which is due to their superb intrinsic properties such as high electrical conductivity, mechanical robustness, electrochemical and thermal stability, and the capability to be manufactured in a cost-effective manner from various renewable resources. [15] [16] [17] However, in order to satisfy volumetric requirements imposed on commercial supercapacitors, carbon materials also need to have sufficiently high bulk density and thickness without considerable weakening of the electrochemical performance. 12 The challenge of tting all these valuable characteristics into one material is rather difficult. That is why carbon composite materials are particularly interesting as they could be designed in a way to combine the benecial properties of its constituents: high mesoporosity for fast ionic transportation with high packing density for volumelimited portable electronics; 18, 19 freestanding and robust nature for convenient handling with high electrical conductivity for low charge transfer resistance.
20,21
Graphene denitely earned its right to be a constituent in a potentially awless electrode material. Soon aer its rst revelation in 2004, 22 graphene, for a good reason, was attracting record attention and utilization in seemingly every application in the world, 23 including energy storage. 24, 25 A high specic surface area of a single graphene sheet, i.e. $2630 m 2 g À1 , 26 creates many active binding sites for double-layer capacitance. In addition, graphene's planar open atomic structure with high electrical conductivity provides fast access for electrolyte ions to its surface and excellent transfer of electrons to a collector. Furthermore, the high mechanical and chemical stability allows electrochemical durability of graphene in different electrolytes aer a large number of charge-discharge cycles. 27, 28 In theory, single-layer graphene is a perfect electrode material for a supercapacitor; however, the capacitance of multi-layer or bulk graphene, which could be practically produced on a large scale with appropriate thickness, is far from a single-layer graphene. 29 This undesirable deviation is explained by agglomeration or stacking of graphene sheets due to the van der Waals attractions, 30, 31 resulting in hindered ion diffusion to the surface of individual sheets. This is why graphene needs a complementary part in order to prevent sheet aggregation, while retaining the material integrity, ion permeability, and good conductivity between the sheets. 32 Carbon nanobers (CNFs), obtained from electrospun precursors, possess the desired advantages due to their excellent properties: sieve-like nanosized morphology, freestanding nature and wellinterconnected porosity.
33,34
In this study, we present a sustainable and efficient composite carbon material consisting of CNFs and reduced graphene oxide (rGO). It is fabricated in a creative manner via carbonization of the electrospun brous cellulose functionalized with graphene oxide (GO) (Fig. 1) . Water-soluble GO has strong affinity to hydrophilic cellulose due to abundant polar surface functionalities from both sides, [35] [36] [37] which results in homogeneous coverage of cellulosic bers with GO akes. This structure remains integral and freestanding aer simultaneous one-step carbonization/reduction of cellulose/GO into CNF/rGO at 800 C. The problem of graphene sheet stacking is diminished due to the following factors: (1) solid-state high temperature reduction, which prevents agglomeration between graphene layers, 38 and (2) the nanospacer effect of CNFs that stick in between graphene layers. Dense packing of interpenetrated conductive rGO sheets and CNFs makes this structure suitable for supercapacitors with high volumetric demands in comparison with vast majority of the previously reported carbon electrodes, 14 oen having either too high resistance 2 or too low packing density. 39 Moreover, due to the capability of CNFs to act as excellent conductive bridges between rGO sheets, the composite's electrical conductivity is one of the highest among the 3D graphene nanomaterials. 40 This exceptional feature leads to the efficient electron transport crucial for high power applications.
36
Another important aspect of this study is its orientation on sustainable/renewable resources, which is vital for the future of energy storage devices. 41 Commonly produced graphene is not a sustainable carbon material, and is preferably used only as an additive that enhances the valuable properties of electrode composites. 42 On the contrary to nanocarbons derived from fossil fuels, biomass-derived nanocarbons are cost-effective for large-scale applications and cause minimal harm to the environment. 43 It becomes even more relevant aer the adoption of the Paris Agreement, which makes majority of the world's biggest economies to nally unite their efforts in order to slow down detrimental climate changes through reductions of greenhouse gas emissions. 44 
Experimental

Preparation of composite electrodes
Cellulosic mats were fabricated through cellulose acetate electrospinning (from 2 : 1 mixture of acetone and dimethylacetamide) with subsequent NaOH-aided deacetylation to cellulose as described in our previous study. 16 These mats were embedded into a frame and immersed for 2 days (sides were turned over aer 1 day) into a beaker containing graphene oxide (GO) aqueous solution. The beaker was subjected to continuous gentle shaking in order to obtain homogenous adsorption of GO akes onto the surface of the cellulosic bers. Aer the GO treatment, the cellulose/GO mats were dried in a fume hood for 4 h, followed by the careful removal of the frame. Finally, they were carbonized in a tube furnace with nitrogen gas ow in order to obtain a CNF/rGO composite nanomaterial. The temperature was raised with a rate of 5 C min À1 up to 800 C and was held for 2 h. In this study, GO solution was prepared via ingeniously modied Hummers method that allows fabrication of GO akes with very small size that could easily permeate into brous cellulosic mats. In a typical experiment, graphite akes (5 g) Fig. 1 Schematic illustration of the fabrication process of CNF/rGO composite electrodes for a compact supercapacitor.
with an average diameter of 20 mm, NaNO 3 (3.75 g) and concentrated H 2 SO 4 (200 mL) were mixed at 0 C. KMnO 4 (15 g) was slowly added into the mixture within about 1 h, followed by stirring for another 1 h in an ice-water bath. Following this, the ice water bath was replaced by an oil bath, in which the temperature was controlled in the range of 32-40 C. The mixture was continuously stirred in the oil bath for 2 h. Then, H 2 SO 4 (400 mL, 5 wt%) was added into the reaction container, which was further stirred for 1 h at 98 C. The reaction was terminated by adding H 2 O 2 (15 mL, 30 wt%) into the above solution when the temperature was lowered to 60 C. The mixture was precipitated at room temperature, centrifuged and washed with deionized water until the pH value was close to 7. The obtained colloid was dispersed into deionized water (1 L) to obtain a GO solution with a concentration of 5 mg mL À1 . The further exfoliation of GO was carried out by using a L5M highshear laboratory mixer (Silverson Machines) with a maximum handling volume of 12 L. The high-shear mixer signicantly reduced the GO size to less than 1 mm due to an intense local shearing rate (10 4 s À1 ). The mixing head comprised a four-blade rotor placed within a xed stator (D rotor-stator ¼ 100 mm). The diameter of the rotor was 32 mm. Following shear mixing, the obtained GO suspension was centrifuged at 6000 rpm for 10 min to remove all the large particles and to deliver a homogenous GO dispersion.
Material characterization
Scanning electron microscopy (SEM, Leo Ultra 55 FEG SEM, Zeiss) was performed in the secondary electron mode at the acceleration voltage of 3 kV to analyze the morphology of the materials. Atomic force microscopy (AFM, Digital Instrument Nanoscope IIIA from Digital Instrument Inc.) was operated in the tapping mode, using 10 nm thin tips under the cantilever (Micro Masch silicon cantilever NSC 15). Transmission electron microscopy (TEM, JEOL JEM 2100) equipped with a LaB 6 cathode and a digital CCD camera (SC1000 Orius) was used for making microstructure images at an electron acceleration voltage of 80 kV, which is below the threshold for electron-beam induced damages. Samples for TEM analysis were cut from the prepared composite lms (using a pair of scissors) and each sample was sandwiched between two Cu grids (Athene G204, 400 mesh). Selected area electron diffraction pattern (SAED) was performed using low current densities at selected parts of the samples. Thermogravimetric analysis (TGA, Pyris TGA 7, Perkin Elmer) was performed in N 2 atmosphere from 105 to 800 Cat a heating rate of 5 C min À1 to investigate the carbonization process and to determine the rGO content in the nal composite. N 2 adsorption experiments (TriStar 3000 V6.04 A surface area and pore analyzer) were conducted at 77 K aer the samples were degassed under vacuum at 225 C for 4 h. The surface area was measured using the Brunauer-Emmett-Teller (BET) method, and pore size distribution was calculated by the Barett-Joyner-Halenda (BJH) method using an adsorption isotherm. X-ray photoelectron spectroscopy (XPS, Quantum 2000 scanning ESCA microprobe, Physical Electronics) was carried out using an Al Ka X-ray source (1486.6 eV) and the beam size of 100 mm with an analyzed area of about 400 Â 500 mm 2 and a depth of 4-5 nm. X-ray diffraction (XRD, Philips X'Pert Materials Research Diffractometer) analysis was performed using Cu Ka radiation (l ¼ 1.54184Å) at a scanning rate of 1.5 min
À1
. Raman spectroscopy (Horiba XploRA spectrometer equipped with an Olympus BX41 microscope) was carried out using a 638 nm laser source. The electrical conductivity of the materials was measured using a four-point probe system (CMT-SR2000N, AIT). The thickness of electrode materials was measured using a digital micrometer (Mitutoyo).
Electrochemical setup and measurements
The CNF/rGO composites and pure CNFs were evaluated as electrodes for a supercapacitor using symmetrical two-electrode Swagelok cells. The cells consisted of the following components: the freestanding carbon materials as working electrodes, glass ber mats (Whatman) as separators, and aqueous solution of KOH (6 M, 99.99%, Sigma) as the electrolyte. The size of the working electrodes and separators was adjusted to a circular area (respective diameters were 10 and 12 mm) to t current collectors. The electrodes were soaked with the electrolyte solution for 6 h before starting the measurements.
Electrochemical measurements (Gamry Reference 3000 potentiostat/galvanostat/ZRA) were performed at ambient conditions. A voltage range of 0-1.0 V was used for cyclic voltammetry (CV) and galvanostatic charge-discharge (GCD) measurements. Electrochemical impedance spectroscopy (EIS) was performed over a frequency range from 100 kHz to 10 mHz. Electrochemical stability experiments were conducted using cyclic charge-discharge (CCD) for 4000 cycles with a current density of 0.9 A cm À3 .
The evaluation of the volumetric capacitance C v (F cm À3 ) from the CV curves was made at 5 mV s À1 scan rate according to eqn (1); the volumetric energy density E dv (WhL À1 ) and power density P dv (W L À1 ) were estimated from the GCD curves following eqn (2) and (3), respectively.
in the equations, Ð I(V)dV species the integrated area of the CV curves, i.e. current response to voltage (A V), v is the total volume of two electrodes (cm 3 ), DV is the potential window (V), s is the scan rate (mV s À1 ) and Dt is the discharge time (s).
Results and discussion
Morphology and surface properties of composites SEM and AFM help to reveal the morphological and topographical features of the precursors and the resulting carbon composites. Fibrous cellulosic mats with the thickness of 50-100 mm and ber diameters in the 0.5-2 mm range were used as robust frameworks for the composite synthesis ( Fig. 2A and S1A of the ESI †). These mats were further functionalized with GO, which resulted in composite precursors with desired coverage of cellulosic bers with GO sheets (Fig. 2B and S1B †). This excellent coverage is achieved due to strong attractive forces such as van der Waals and hydrogen bonding between polar oxygen-containing groups of cellulose and GO.
2,35
The high temperature treatment of the precursors simultaneously triggered the transformation of brous cellulose into CNF (via carbonization) and GO into rGO (via reduction). The ensuing materials, pure CNFs and CNF/rGO composites, are exible and freestanding mats with 40-60 mm thickness. The pure CNF material consists of randomly oriented nanobers with diameter in the range of 50-500 nm (Fig. 2C and S1C †) . Its morphology is inherited from the cellulosic precursor, and the only difference is the shrinkage of the bers due to the thermal weight loss. 45 In the CNF/rGO composite, CNFs are uniformly interconnected with few-layered graphene sheets that have slightly wrinkled texture ( Fig. 2D and S1D †) . The wrinkles emerge during rGO preparation 46 and may possibly indicate the connection of rGO nanosheets to each other, which is favorable for electron transport.
29 Such a strong integration of constituents is also necessary for mechanical and electrochemical stability of carbon electrodes. Moreover, macropores and large voids between the bers could serve as ion channels, which enhance the quick penetration of electrolyte ions into the electrode material.
18,20
TEM images provide a closer look at the microstructure of the CNF/rGO composite. Semi-transparent wrinkled sheets of rGO with a thickness of roughly 1-3 nm (Fig. S2 †) are located both on top of CNFs and are also extended between them, thus creating a continuous conductive network with hierarchical dimensions with the exposure of additional surface to the electrolyte (Fig. 2E) . Transparency and fairly small thickness of the sheets verify that they are efficiently exfoliated and their stacking is rather minor. 47 Interlayer fringes of the graphitic lattice are clearly visible in rGO sheets, oriented parallel to the TEM beam, throughout the composite material (Fig. 2F) . Remarkably, SAED pattern of the few-layered rGO component shows a clear hexagonal pattern with rings, which veries a fairly high crystalline order within the sheets and their incommensurate stacking, typical for turbostratic graphitic structures (Fig. 2F, inset) . TGA was used to investigate the behavior of the precursors during carbonization and also to estimate the content of both components in the nal CNF/rGO composite. The cellulose sample demonstrates the major weight loss occurring in the temperature range of 250-400 C when depolymerization of cellulose takes place simultaneously with dehydration and release of volatile compounds such as carbon dioxide, methanol, and acetic acid (Fig. 3A) . 48 This behavior is typical for cellulosic materials. 36, 49, 50 In this study, the weight yield of the carbonizate was only 5.65% at 800 C. In contrast, TGA curves of the cellulose/GO samples show a completely different decomposition behavior. The weight loss initiates at 150 C, is slightly steeper in the range of cellulose decomposition and continues smoothly up to 650 C. The weight yield of the composite is 23.53% at 800 C. This tremendous increase of the yield for the composite in comparison to the pure CNFs could be partially explained by the presence of rGO, which show the weight yield of 62.88% aer thermal reduction. Knowing the initial weight loading of GO, i.e. 31.2%, it is possible to calculate the content of CNF and rGO in the nal product. Their respective weight fractions are 16.6% and 83.4%. However, the increase of the composite yield should be likewise attributed to the reported ame-retarding behavior of GO in polymeric composites, which prevents the loose release of volatile products from the degrading polymer. 51 This makes it extremely challenging to estimate the actual weight fractions of CNFs and rGO in the composite.
BET analysis of N 2 adsorption isotherms was used to determine the specic surface areas of the carbon materials and to explore their pore-lling behavior. Both pure CNF and CNF/rGO composite materials exhibit type-III adsorption-desorption isotherms with a constant rise in the 0.1-0.7 P/P 0 range and negligible adsorption volume in the low pressure range (Fig. 3B  (inset) demonstrates the isotherms for the CNF/rGO composite), which corresponds to mesoporous carbons with negligible microporosity. 27 This could explain the relatively low values of specic surface area of the pure CNF material (45 m 2 g À1 ) and the composite material (143 m 2 g À1 ). However, for good volumetric performance, the large surface area of carbon electrodes is rather disadvantageous as it is inevitably supplemented by high porosity, i.e. low packing density. There is still a great need for mesopores (pores with the diameter range of 2-50 nm) as they provide the necessary transport channels for electrolyte ions that help to utilize the electrode surface more comprehensively and to decrease electrolyte resistance, which directly has a positive inuence on power capability. 52 Pore size distribution for the CNF/rGO composite material is shown in Fig. 3B . It is vivid that the synthesized composites have hierarchical porosity; in addition, the mesopores with the size of z4-30 nm and borderline micropores with the size of z2 nm take up a substantial fraction of the total pore area and the average pore diameter is 4.9 nm.
XPS analysis provides useful information about surface elemental composition and functional groups. The results of this analysis show that the surface of all the materials consists of only carbon and oxygen (in addition to non-detected hydrogen). The C1s spectra (Fig. 4A-C) of cellulose, cellulose/ GO and CNF/rGO were resolved to four types of carbon atoms which could be assigned to C-C/C]C bonds (the peak at 284. 53 Cellulose has the highest oxygen content among the three materials (45.5 at%). Its C1s spectrum has intense peak for C-O, fairly strong for C]O and almost negligible for C-C/C]C, which totally complies with the chemical composition of cellulose.
54 A large amount of polar oxygenated groups makes the surface of cellulose bers attractive for hydrophilic GO sheets. Following functionalization, cellulose/GO precursor could be characterized by the retained high oxygen content (34.8 at%) and a signicant increase of the peak corresponding to C-C/C]C bonds, which reveals the presence of oxygenated graphitic sheets. Following high temperature treatment, the ensuing CNF/rGO material has an elemental composition typical for pure carbons, i.e. extremely high carbon content (96.8 at%) with the dominant peak for C-C/C]C bonds. These results conrm simultaneous carbonization of cellulose and effective thermal reduction of GO.
XRD patterns of the precursors and the resulting carbon materials are shown in Fig. 4D . The XRD pattern of cellulose sample reveals three distinctive peaks at 12.1 (101), 20.0 (10-1) and 21.9 (002), which precisely correspond to lattice planes of cellulose II. 55 For GO, a strong diffraction peak at 11.6 appears and it should be attributed to the turbostratic structure of GO layers. The interlayer spacing of the GO is approximately 7.65Å, and it is much larger than 3.34Å of the (002) lattice plane for graphite. This phenomenon could be easily explained by the incorporation of bulky hydrated oxygen-containing groups between graphite layers during GO preparation, 2 which correlates with previously mentioned XPS results. The outcomes of the effective thermal reduction of GO and restoration of p-conjugated system are the emerging broad peak at 26.1 (corresponding to rGO with an interlayer distance of 3.41Å that is almost equal to graphite) 35 and the disappearing peak at 11.6 , whereas carbonization of cellulose results in CNF with relatively amorphous structure demonstrated by a broad peak at 18-20 .
16
Raman spectra of both the carbon materials are shown in Fig. 4E . The D-band at 1329 cm À1 and 2D-band at 2614 cm
À1
(observed only for the CNF/rGO material) could be assigned to in-plane vibrations of sp 2 -bonded carbons with structural defects or lattice fringes, while the G-band at 1588 cm À1 -is attributed to sp 2 -bonded carbons with more ordered crystalline structure. 53 Typical carbon spectra once again demonstrate the reduction of GO and cellulose carbonization. The I D /I G ratio for the CNF/rGO composite is 1.40, which is much higher than the reported ratio for graphite. This phenomenon could be explained by the formation of many small graphitic domains, thus more lattice fringes are formed on oxidative exfoliation of graphite and subsequent GO reduction.
56
Carbonization of GO-functionalized cellulosic precursors results in the strong fusion between the CNF network and graphene sheets in the nal CNF/rGO composite. Well-spread rGO layers act as perfect conductive connectors between CNF current pathways, which are very important for decreasing both internal resistance and contact resistance with collectors. The CNF/rGO composites have electrical conductivity of 49 S cm À1 , about 10 times higher value than the pure CNFs (4.2 S cm À1 ).
A freestanding carbon material with such a high electrical conductivity does not require conventionally used conductive llers and volume-consuming redundant binders. This facilitates the lling of the precious volume of a supercapacitor cell only with an active electrode material, and on doing so the volumetric capacitance and energy density would substantially increase.
Electrochemical analysis
The electrochemical performance of the composite CNF/rGO electrode material was assessed in symmetrical two-electrode Swagelok cells. For comparison, the electrodes made of the pure CNFs were also evaluated. The CV measurements were performed at the voltage range of 0-1 V at different scan rates from 5 to 200 mV s À1 . The CV curves in Fig. 5A demonstrate scan rate dependence for the composite electrode. The shape of the curves at lower scan rates between 5 and 20 mV s À1 is moderately rectangular without apparent faradaic peaks, which indicates mostly electrical double layer (EDL) capacitive behavior with a rapid current-voltage response and low resistance of ion transport within the electrode. 35 For the higher scan rates such as 100 or 200 mV s À1 , the rectangular shape of the CV curves becomes slightly distorted due to the increased resistance of electrolyte ion transport. The volumetric capacitance of the electrodes was calculated from the integrated area of the curves at 5 mV s À1 scan rate using eqn (1). Fig. 5B displays the CV curves of both CNF/rGO and pure CNF electrodes. It should be mentioned that their thickness of 40-60 mm is comparable to that of commercial electrodes (100-200 mm), which makes these values trustworthy. 58 The composite electrodes demonstrate superior volumetric capacitance (46 F cm À3 vs. 12 F cm À3 for the pure CNF). The volumetric capacitance value of the CNF/rGO composite stands fairly high among the reported carbon electrodes and conducting polymer-based electrodes. 12,14 Such performance could be explained by three possible factors: (1) relatively high packing density (z0.45 g cm À3 ) of the material due to its low porosity; 58 moreover, during the device assembly the electrodes become compressed, which increases their packing density even further via the elimination of interbrous spaces.
12 (2) extremely high electrical conductivity due to the absence of a binder material and apparently due to abundant conductive interconnections between rGO sheets and CNFs, which facilitates effective charge transfer throughout the material; (3) reorganization of rGO sheets during intercalation of electrolyte ions, which leads to a higher accessible surface area.
59
The electrochemical behavior of the electrode materials was further investigated through GCD measurements. Fig. 5C shows the dependence of the specic capacitance (calculated from GCD measurements) on the current density. At 0.9 A cm À3 the specic capacitance of the composite electrode is about 57% of that at 0.0225 A cm À3 , which is due to its fairly large thickness and subsequent inability of the electrolyte ions to diffuse quickly to the inner cavities at a higher current density. 59 These GCD results are consistent with the dependence of specic capacitance on the scan rate as shown by the CV measurements. The ions need to be in proximity to the electrode surface for a supercapacitor to maintain high rate capability; however, the non-porous CNFs are unable to keep the ions attached to the surface. On the contrary to CNFs, the rGO component could retain ions between its sheets separated by sub-micrometer distances, thus creating ion-buffering reservoirs and reducing ion diffusion length. These trapped ions have instant access to the electrode surface even at the highest current density.
18
GCD measurements were also used to assess energy density and power density of a supercapacitor device with the composite electrode material. These essential characteristics of a supercapacitor were calculated using eqn (2) and (3). At the current density of 0.9 A cm À3 , the device has a high volumetric energy density of 0.83 W h L À1 and power density of 445 W L À1 .
These values are very promising for compact supercapacitors that rely on sustainable materials. The Ragone plot of the CNF/rGO demonstrates a typical energy density/power density inverse proportion (Fig. 5D) , with the highest energy density of 1.46 W h L À1 (at the current density of 0.023 A cm À3 ) and the highest power density of 3076 W L À1 (at the current density of 6.8 A cm À3 ).
The electrochemical behavior of the electrode materials was further analyzed using EIS. Fig. 6A (main image) shows enlarged Nyquist plots of the electrodes in the high frequency region, where bulk electrolyte solution resistance (R s ) and charge transfer resistance (R ct ) are expressed as the initial intercept of the plot with the X-axis and as the semicircle, respectively.
2
Though the same electrolyte solution is used for the cells with different electrodes, the rst cell containing the CNF/rGO electrode has lower R s (0.16 U) than the cell containing the pure CNF (0.38 U). It is due to the fact that R s is determined not only by the conductivity of the electrolyte, but also by the thickness of its layer.
2 Apparently, the electrolyte layer between the rGO sheets is thinner, which is consistent with the hypothesis of ion-buffering reservoirs mentioned previously. Nevertheless, the devices with both the electrode materials are characterized by low R s and essentially by low R ct particularly for the ones with the CNF/rGO composite electrodes. The very low value of R ct (0.35 U) could be attributed to few of the characteristic features of the composite material: (i) its hierarchical meso-and macroporosity, which decreases the interfacial resistance between the electrolyte and the electrode material (ionic resistance), and (ii) its high conductivity and binder-free elastic nature, which decreases the intrinsic resistance and the resistance between the electrode material and the collectors (electronic resistance).
40 Fig. 6A (inset) shows Nyquist plots in the medium-low frequency region, including the slope of the 45 portion of the curve known as Warburg impedance. 57 The short Warburg region along with good line verticality indicates the composite electrodes' effective pore accessibility for the electrolyte ion diffusion and awless EDL capacitive behavior.
The long-time cyclic stability of the supercapacitor device was evaluated in order to show its capability to continuously deliver energy throughout many charge/discharge cycles (Fig. 6B) . Over 4000 cycles at the current density of 2 A g À1 , the device with the CNF/rGO electrodes retains about 97%, while the device containing the pure CNF electrodes would retain up to 106% of initial capacitance. The latter result is most probably related to etching, i.e. activation of the CNF electrodes at the initial part of the cycling. 12 Overall, both devices demonstrated excellent capacitance retention. SEM images recorded aer cycling of the composite electrodes conrm their great electrochemical stability of the pure CNFs and their robust combination with the interpenetrating rGO sheets (Fig. S3 †) .
Conclusions
This study presents a sustainable and efficient CNF/rGO composite electrode material. First, the original synthesis method utilizes the intrinsic hydrophilic properties of cellulose and GO to attach them together and form a composite precursor. In the next step, the simultaneous abilities of cellulose and GO to carbonize and to reduce to rGO, respectively, during high temperature treatment are used to obtain the nal composite material. In this material, CNFs act as nanospacers in the interpenetrated CNF/rGO network, which enhances the supercapacitor's excellent volumetric electrochemical performance. Sustainable cellulose-derived constituent makes a great ensemble with value-added graphene material. Most probably, further tuning of composite electrode materials based on biomass-derived nanocarbons and valuable additives is the future of cost-effective large-scale production of energy storage devices.
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